Polymer-analogue transformations of polymers based on unsaturated acid esters have been fairly thoroughly studied, and some of them have found their way into encyclopaedias and textbooks as classic examples of such reactions (refs. 1-3) . Interest in modified polymethacrylates, however, has shown no sign of slackening, the aim being not just to produce polymers with improved physical, mechanical and optical properties, but also to recycle polymethylmethacrylate (PMMA) waste (refs. 4-6) . The high degree of selectivity and relatively undemanding conditions of the reaction between oxygenbearing compounds and sulphur tetrafluoride are, moreover, known to favour the introduction of fluorine atoms into highmolecular compounds containing hydroxyl, aldehyde, carbonyl or carboxyl groups.
Earlier reports stated that under the influence of sulphur tetrafluoride, carbonyl groups of polyacrolein and polymethylvinylketone are substituted by two fluorine atoms (refs. 7, 8) . A characteristic feature of the copolymers thus obtained is the presence in them (alongside the fluorinated fragments) of links containing functional groups. This provides a combination of the properties that are typical of fluoropolymers with high adhesion to various substrates, and especially to metals. The aim of this work was to investigate the influence of the reactivity of carbonyl groups with replacement of the methyl radical in the carbonyl group by an alkoxyl radical, to produce new copolymers and to study their properties.
The functional groups of polymethacrylate (PMA) and PMMA begin to react with sulphur tetrafluoride at 120°C. However, fluoropolymers containing more than 2-3% fluorine cannot be produced at this temperature. When the temperature
The author is at The OAO "Khimprom", Volgograd is raised to 150°C, the degree of fluorination rises significantly, and in 4 hours up to 20% fluorine may be introduced into PMMA. Processing at temperatures up to 200°C has no major impact on the fluorine content in the polymer, while giving rise to insoluble fluoropolymers.
The degree of fluorination of polymers is perceptibly influenced by a molar surplus of sulphur tetrafluoride. At stoichiometric quantities of the fluorinating agent, fluoropolymers containing more than 2% fluorine cannot be produced. All other conditions being the same, an increase in the molar surplus leads to a rise in the degree of fluorination. The optimum surplus of sulphur tetrafluoride per polymer link is by a factor of 6, for both PMA and PMMA. The initial polymer particle size has no bearing on the fluorine content introduced into the polymers because of their solubility in the fluorination agent.
Studies showed that the reaction between sulphur tetrafluoride and PMA and PMMA is catalysed by anhydrous hydrogen fluoride. To prevent destruction of hydrogen fluoride macromolecules during fluorination, 3% solutions of them in methylene chloride were used. The degree of transformation of functional groups when the reaction was carried out in the presence of anhydrous hydrogen fluoride increases, and in 2 hours at 150°C, 26.2% and 41.5% fluorine was introduced into PMA and PMMA respectively.
The process of substitution of functional groups is confirmed by IR-and PMR-spectroscopy data. In IR-spectra for fluorinated PMMA, in contrast to the IR-spectrum for the initial polymer, a fall in the strength of the absorption band is seen in the 1718 cm -1 area, which is characteristic of carbonyl group valence fluctuations in acid fluoride links, and in the 1050 cm -1 area, which is characteristic of valence fluctuations in fluorine-carbon bonds. As the fluorine content increases, the strength of the absorption bands in the 1830 cm -1 area and 1050 cm -1 area rises.
Study of the resistance of fluorocarbon bonds in fluorinated PMA and PMMA to alkaline hydrolysis revealed two different fluorine-bearing groups, differing in their resistance to hydrolysis. Treatment of fluorinated PMMA containing 22.5% fluorine and fluorinated PMA containing 41.5% fluorine with a 10% caustic potash solution in alcohol, with boiling for 4 hours, led to a fall in the fluorine content in the polymers to 7.8 and 27.9% respectively. Increasing the treatment process duration beyond 4 hours did not cause any further fall in the fluorine content.
Analysis of PMR-spectra for initial PMA and fluorinated PMA containing 22.5% fluorine showed a diminution in the integral strength of the proton-COOCH 3 groups signal (δ = 3.59 ppm) in the fluorinated specimen by 66% in comparison with the initial polymer. This change in the PMRspectrum for fluorinated PMMA confirms substitution of methoxyl and carbonyl groups, leading to the formation of a polymer of the following structure:
The influence of the reaction conditions on the composition of the fluoropolymers obtained is shown in Tables 1 and 2 .
As may be seen from the Tables, fluorination of 
Anhydrous hydrogen fluoride has a considerable impact on the fluoropolymer composition when it is present in the reaction environment. Fluorination of PMMA (from Table 1 , it looks as if this is a typographical error for 'PMA' ; Transl.) at 150°C for two hours in the presence of 10% by wt. anhydrous HF ends in complete transformation of the links of the initial structure, with a large increase seen in the content of trifluoromethylethylene links. Fluorination of PMMA under equivalent conditions leads to 100% transformation of the initial links, but in this case there is only minor formation of 2-trifluoromethyl propylene links.
Study of the impact of the alcohol residue in ester links of polymers produced from methacrylate esters showed that replacing the methyl radical by an adamantyl and a 1,1,5-trihydroperfluoroamyl radical has an impact on the reactivity of the functional groups of the polymers. Fluorination of polyadamantylmethacrylate (PAMA) at 60°C in the presence of 10% by wt. anhydrous hydrogen fluoride for two hours gives rise to a fluoropolymer containing 26.5% fluorine, which is mainly in acid fluoride links. This level of fluorination of PMMA is achieved when the reaction is performed under equivalent conditions at 100°C. Fluorination of poly-1,1,5-trihydroperfluoroamyl methacrylate, however, does not lead to substitution of carbonyl groups in the ester links, and formation of acid fluoride groups is not observed until the temperature gets above 150°C.
In our view, the reason for this lies in the differing degree of electronegativity of the alcohol residue in the examples considered. Formation of sulphur acyloxytrifluoride in the first and limiting stage of fluorination is made easier in the case of a reaction between SF 4 and PAMA, in the shape of the lower electronegativity of the adamantyl radical.
Fluorinated PMA and PMMA are white powders. In contrast to PMA, fluorinated PMMA is readily soluble in acetone, methyl ethyl ketone, methylene chloride, chloroform and other organic solvents. Fluorination at 120°C does not cause a fall in the intrinsic viscosity of the polymer solution, nor, consequently, in the molecular weight; whereas fluorination at 150°C for 3 hours lowers the intrinsic viscosity from 3.12 dl/g to 2.4 dl/g, this apparently being linked to a change in the polymer structure.
Films produced from fluorinated PMMA feature good elasticity, adhesion to metals and low moisture-permeability (the moisture-permeability coefficient of a fluoropolymer containing 12.1% fluorine is 3.2·10 -9 g/cm·h·mm·Hg), which enables them to be recommended for use as protective coatings for metals. Thus functional groups of polymers based on unsaturated acid esters react with sulphur tetrafluoride to produce polymers containing trifluoromethyl and acid fluoride groups.
